$39% H4M HL T 5 AR 2 4R Vol.39 No. 4
2025 4 4 JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION - 95 .

DOLI: 10. 13382/j. jemi. B2508121

BEMRCHENRSRESE

MR FRom? xEF Ok B kEF!
(1. bR SR S T4 B KB 03000052, FEL BRI A RA T &5 266000)

EBEE S AR L AR R R TR T e R A 2 1 BEL e DS TR R B [0 RUAS 25 200, An ] R R AR v B T AR
IR S S8, R FAFET e fife T R2 TG (0 el SR P, ) i T AU A2 M e ) B, AR T — o v e S i 48 1 ) o
FAE T FH 206 111 2 18 4% 43 0 ASC 2 R A 1 AR m AL S 2 19 S S A% R e A AR 7 Bl v i TR AR Y S S8R
B e TR ISR A HIR I =2 IR T8 o7 B e I G 2R ) 2 0 10 20 8 IR 4% o A SN e 22 3 1 B U A B 4R A AR S S8, it A
R LI S AR | BRAS 22 30 TE R AL S AR N B SR R AL 4 A0 ERPIE A e By 5 BRAR S AR BB R, NI SR 8 A% o
X B Y ABCTAR 5 B BN A A BRSBTS AR B A5 S BRI gk mT DA B SRR A
RS BERRME . DL HDMIT B0 15 Fir 4538 45 I 3al 1 BB e 1 00 2 3R AF Sy b I 37 5%, il 7 T HDMI 248 1% i 48 1 ik e L, %
HDMI B8 15 2R B SR 3 AL A AR R A T 208t T SEG 25 5 DA SICI i) it Sal IR 1 T LA 1Y ol 5 £ A i R 4
T, HDMI B4 Mk i L i it A8 22 Wi RN 5 Gh/s B R 18] FL A T 0 , BB M 2R RENS B U 5 UL AT 55, BT 15 ok
10 Gh/s B, B3R (5] 2 S BRI , ToIk 78 U5 5 1550, 30 UE T 45080 A% i 42 U & R AR 7 VL A RUPE FIHERR I . (5248
PRV B At s T ARTEBURE 7R D g AR P00 5 2 30 i A At R BT, N TR AT LU, I B R R (5 55 R T e . i
FHET 2, A R B AE M AR R  AL4aAn BR L AR I, B3 R WAL S 4R (0 15 5 A5 i T et e 17 e 0 A2 i A 0 e R A e
N R AR A B M4 A ol AR B B A I i R AR R

KB =R L 2B S S8 IR IE

hE 5% S TN9S; TH7 XHEFRIREE: A EXRREFRISERE: 510.40

Measurement and characterization methods for
high-speed data transmission lines

Liu Mingjin'  Nian Fushun"?  Yuan Guoping® Zhang Ting'  Zhang Rongfang'
(1. School of Instrument and Electronics, North University of China, Taiyuan 030000, China;
2. Ceyear Technologies Co. Lid. , Qingdao 266000, China)

Abstract: With the continuous increase in the transmission rate of high-speed data transmission lines, how to use the S parameters
familiar to microwave circuit engineers to characterize the time-domain eye diagrams familiar to digital circuit engineers has become a
problem that measurement engineers must solve in the context of impedance matching and bandwidth issues for high-speed digital
transmission lines. This paper designs a measurement and characterization method for high-speed data transmission lines, which uses a
multi-port vector network analyzer to measure and characterize the transmission characteristics of high-speed data transmission lines,
establishing a direct correspondence between the S parameters familiar to microwave circuit engineers and the eye diagrams familiar to
digital circuit engineers. By using a multi-port vector network analyzer to measure the frequency-domain S parameters of multi-channel
data transmission lines, including the reflection S parameters, transmission S parameters, and crosstalk S parameters of the data
transmission lines, the frequency-domain modeling of multi-channel data transmission lines is achieved. Through the inverse Fourier
transform of the frequency-domain reflection S parameters, transmission S parameters, and crosstalk S parameters of multi-channel data

transmission lines, the time-domain reflection, transmission, and crosstalk impulse responses of multi-channel data transmission lines are
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obtained. Assuming that an ideal error-free digital signal is input to a non-ideal multi-channel data transmission line, the output digital
signal of the multi-channel data transmission line can be obtained through the convolution of the input digital signal and the impulse
response, thereby obtaining the eye diagram familiar to digital circuit engineers and achieving the time-domain modeling of multi-channel
data transmission lines. Taking the frequency domain and time domain performance characteristic measurement and characterization of
HDMI data transmission lines as the application scenario, a test fixture for HDMI data transmission lines was fabricated. The time
domain reflection, transmission and crosstalk eye diagrams of HDMI data transmission lines were measured, and the experimental results
were presented. From the measured time domain eye diagrams, it can be seen that as the transmission rate increases, the transmission
quality of HDMI data transmission lines deteriorates. When the output rate is 5 Gb/s, the time domain eye diagram is relatively clear,
and the digital transmission line can complete the transmission task well. When the digital transmission rate is 10 Gb/s, the time domain
eye diagram is already blurred and unclear, and cannot complete the digital signal transmission. This verifies the effectiveness and
accuracy of the data transmission line measurement and characterization method. The traditional eye diagram measurement of digital
storage oscilloscopes and sampling oscilloscopes requires separate measurements of the input and output eye diagrams, followed by
manual comparison to determine the signal transmission quality of the transmission line. The measurement and characterization method
proposed in this paper directly measures the reflection, transmission, and crosstalk eye diagrams of digital transmission lines, directly
reflecting the signal transmission quality of the transmission line. This solves the measurement and characterization difficulties of high-

speed digital transmission lines and is of great significance for the measurement and characterization of digital transmission in fields such

as high-speed digital communication, computing power networks, and mobile communication.
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Fig. 1 Equivalent physical model of data transmission line
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